abstract OBJECTIVE: To assess perceived motor competence, social competence, self-worth, healthrelated quality of life, and actual motor performancein 8-year-old survivors of neonatal extracorporeal membrane oxygenation (ECMO).
Neonatal extracorporeal membrane oxygenation (ECMO) is a technique to support critically ill newborns with severe, but potentially reversible, cardiorespiratory failure. In the past decades, ECMO has mainly been used in neonates suffering from meconium aspiration syndrome, congenital diaphragmatic hernia (CDH), sepsis, or persistent pulmonary hypertension. 1 In the UK Collaborative ECMO Trial Group, ECMO treatment was associated with higher survival rates than conventional management in neonates with critical illness. 1, 2 Currently, the overall survival rate is 75%. However, ECMO survivors may suffer from long-term morbidity, depending on the severity of primary underlying diagnoses, respiratory failure before ECMO, and several factors during ECMO. [1] [2] [3] [4] Because more children survive the neonatal period, physical and neurodevelopmental morbidities at older ages are on the rise. [5] [6] [7] [8] [9] Thus far, most studies in ECMO survivors have focused on children's health status until age 5 years. At this age, they seemed to have more motor problems than healthy agerelated peers. 6, 7, 9 Only 2 large studies have examined motor performance at older age; the UK collaborative trial found motor problems in 57% of 7-year-olds. 8 More recently, a longitudinal nationwide evaluation of ECMO survivors at ages 5, 8, and 12 years in the Netherlands implicated that these children are growing into their motor function deficit. 10 In general, motor impairments in childhood may lead to low selfworth and difficulties with peer relations. [11] [12] [13] To the best of our knowledge, the domains of selfworth, as well as perceived motor competence and social competence, have not yet been studied in ECMO survivors, except in those with CDH. 14 These domains may influence health-related quality of life (HRQoL). 15 Five-year-old and younger ECMO survivors had lower HRQoL scores on both physical and psychosocial domains. 16, 17 HRQoL beyond the age of 5 in neonatal ECMO survivors is not known yet.
On the basis of previous studies on motor impairments in neonatal ECMO survivors, 3, [6] [7] [8] 10, 14, 18, 19 we hypothesized that these children are likely to have low perceptions of competence in the physical domain because of repeated experiences of poor movement skills with loss of interest in the motor domain and avoidance of motor activities, due to fear of failure and peer criticism. It is conceivable that this may reduce opportunities to practice skills and participate socially and hence result in impaired HRQoL.
In this nationwide study in 8-yearold neonatal ECMO survivors, we primarily aimed to evaluate the perceived motor competence, actual motor performance, the importance of the motor domain, the perceived social competence, feelings of selfworth, and self-reported HRQoL. Moreover, we analyzed the possible relations between these parameters. Lastly, we calculated the correlation between 2 questionnaires on selfperception of motor competence. More precisely, between the athletic competence domain of the Self Perception Profile for Children (SPPC) and the motor self-perception questionnaire of the Dutch extended version of the SPPC (m-CBSK; Motor supplement of the Competentie BelevingsSchaal voor Kinderen).
METHODS

Patients, Procedures, and Study Design
We assessed 8-year-old children who received ECMO support within 28 days of birth in either of the 2 ECMO centers in the Netherlands (Radboud University Medical Center-Amalia Children's Hospital, Nijmegen; Erasmus University Medical Center-Sophia Children's Hospital, Rotterdam) between 1996 and 2004. Entry and exclusion criteria for neonatal ECMO have previously been described 6, 7 and did not change during the study period. The study was part of a structured prospective nationwide follow-up program. Demographic and clinical data were retrieved from medical records and a computerized patient data management system. Cranial ultrasound examinations had been performed before and serially during ECMO (started on daily basis, with lower frequency after stabilization). 4 On the basis of the national consensus on neonatal follow-up and the Dutch Ministry of Health's requirement to provide relevant data, the assessment protocol is the Dutch standard of care in ECMO follow-up. As a consequence, institutional review board approval was waived. Parents of all children were routinely informed about the study.
Questionnaires
Perceived Motor Competence: m-CBSK
Self-perception of motor competence was tested with the m-CBSK. The m-CBSK is an extended version of the "athletic competence" domain of the SPPC 11 and was developed for Dutch children aged 8 to 12 years. 20 The m-CBSK consists of 2 questionnaires: a motor selfperception questionnaire and a domain importance questionnaire.
Motor Self-Perception Questionnaire
The motor self-perception questionnaire consists of 17 questions covering a range of motor skills needed for outdoor activities, physical education, and sports. Children are asked to rate their motor competence in relation to the motor performance of their peers. To discourage socially desirable responses, the questions have a 2-tiered format. 20, 21 Children first choose the statement that describes them best and then decide whether this is "really true" or "sort of true" in their case. The total score was transformed into a gender-specific SD score (SDS). A score below -1 SD was considered as an impaired feeling of motor competence.
Domain Importance Questionnaire
The importance of the motor domain was measured with the domain importance questionnaire. Scores ranged from 1 to 4, with higher scores representing greater importance. 20 The score was transformed into a gender-specific SDS.
Self-Perceived Competence: SPPC
The SPPC measures the selfperceived competence in children aged 8 to 12 years. 22 The SPPC assesses competence in cognitive, social, and physical domains and yields a measure of general self-worth. The physical domain contains a specific item on athletic competence. The structure of the questionnaire is similar to that of the m-CBSK. Each item is scored from 1 to 4, with higher scores representing greater self-perceived competence. 22 The total score was transformed into a gender-specific SDS. Dutch reference norms were used. A score below -1 SD was considered to reflect impaired self-perceived competence.
HRQoL: Pediatric Quality of Life Inventory
The Pediatric Quality of Life Inventory (PedsQL) 4.0 measures HRQoL in children and encompasses 23 items on 4 Generic Core Scales: physical (8 items), emotional (5 items), social (5 items), and school functioning (5 items). A psychosocial functioning scale can be derived from the emotional, social, and school functioning items. All 23 items together provide the total functioning score. The children indicate on a 5-point scale the frequency in which they experience the problem and these scores are linearly transformed to a 0 to 100 scale. Higher scores indicate better functioning. The Dutch version of the PedsQL has adequate psychometric properties and can be used as a HRQoL instrument in pediatric research in the Netherlands. 23 A scale score and total functioning score of 1 SD below the mean of healthy reference norm was taken to indicate impaired HRQoL. 24 
Sports Participation
We asked the children whether they participated in sports other than gymnastic classes at school.
Motor Performance Test: Movement Assessment Battery for Children
Motor performance was evaluated with the first edition of the Movement Assessment Battery for Children (MABC). Eight items are divided into 3 domains: manual dexterity (3 items), ball skills (2 items), and static and dynamic balance (3 items). Summation of the item scores produces domain scores and the total impairment score. The 3 domain scores and the total impairment score can be converted into age-related percentile scores. Scores above the 15th percentile are considered "normal" and between the 15th and sixth percentile as "borderline." The fifth percentile and below is regarded as a "definite motor problem." A Dutch standardization study has shown that the original norm scores and cutoff points can also be applied to Dutch children. 25, 26 
Data Analysis
Mean SDS motor competence, social competence, importance of motor competence, global feeling of selfworth, and HRQoL were compared with 0 (the expected average of the reference group) using 1-sample t tests. Differences in medical background variables between the groups "participants," "children lost to follow-up," and "children unable to perform the MABC" were evaluated by using Kruskal-Wallis tests, and differences between the 2 centers were evaluated by using Mann-Whitney tests. Percentages of MABC outcome (normal/borderline/ problem) were compared with normative proportions by using χ 2 tests.
Spearman correlation between actual motor performance (MABC) and perceived motor competence (m-CBSK) or sports participation was calculated. The Pearson correlation was used to calculate relations between SPPC (social, athletic, and feeling of self-worth), importance of motor competence, and PedsQL. Two-sample t test and Mann-Whitney U test were used to examine possible differences between diagnosis subgroups. Analyses were performed by using SPSS 21.0 (IBM, Chicago, IL).
RESULTS
A total of 333 children underwent neonatal ECMO between January 1996 and July 2004. Eighty-two children (25%) died during their first hospitalization. Of the 251 survivors, 189 (75%) participated in the follow-up. However, 12 (6%) of those 189 had no standard assessment because of cerebral palsy (n = 7), psychomotor retardation (n = 3), or behavior problems (n = 2). Forty-two (24%) of the 177 children who were routinely assessed did not complete the m-CBSK for logistical reasons. Thus, 135 children who completed the m-CBSK and were tested with the MABC were considered as participants of this study (see flowchart in Fig 1) .
The participants and nonparticipants did not differ in perinatal and ECMO characteristics ( Table 1) . The 42 nonparticipants who did not complete the m-CBSK had more motor problems than the 135 participants (36% vs 22% scored below 16th percentile).
Questionnaires
Perceived Motor Competence: m-CBSK
All 135 participants completed the m-CBSK questionnaire. Fourteen children (10%) scored below average (less than -1 SD), and 121 (90%) average to above average (greater than or equal to -1 SD). The total group scored significantly higher (mean [SD] SDS: 0.18 [0.94], P = .03) than the reference population, which means they are satisfied, even slightly more satisfied, with their motor performance than their healthy peers ( Table 2) .
Importance of the Motor Domain: m-CBSK
All participants also completed the questionnaire that measures the importance in the motor domain. Twenty children (15%) scored below average (less than -1 SD) and 115 (85%) average to above average (greater than or equal to -1 SD equal to -1 SD) . On the domain of social competence, 10 children (9%) scored below average (less than -1 SD) and 107 (91%) average to above average (greater than or equal to -1 SD)and on the domain of self-worth, this was 14 (9%) and 103 (91%), respectively. The scores on all 3 domains were significantly higher compared with the reference group, which means the participants feel more competent on athletic and social level and have greater self-worth than healthy peers ( Table 2) .
HRQoL: PedsQL
The PedsQL was completed by 103 of 135 (76%) participants. Fiftyfive (57%) of them indicated an impaired HRQoL (less than -1 SD). Compared with the reference group, scores on all the PedsQL scales (physical, emotional, social, school, and psychosocial functioning) were significantly lower (Table 2) .
Motor Performance Test: MABC
All participants were assessed with the MABC. The total impairment score was within the normal range for 105 children (78% vs 85% expected), 18 children (13% vs 10% expected) were classified as borderline, and another 12 (9% vs 5% expected) as having a definite motor problem. This distribution is significantly different from reference values (χ 2 P < .001; Table 2 ). Most problems were encountered in ball skills (χ 2 P <.001)
Correlations Between Parameters
Social competence (SPPC) had a weak but significant positive correlation with actual motor performance (r = 0.22; P = .02). The other parameters analyzed, that is, perceived motor competence (m-CBSK), interest in the motor domain (m-CBSK), athletic competence (SPPC), global feeling of
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FIGURE 1
Flow chart: study participants comprised 135 children who completed the m-CBSK and were tested with the MABC. MAS, meconium aspiration syndrome; PPHN, persistent pulmonary hypertension of the newborn; VA, venoarterial. self-worth (SPPC), as well as the total score of the PedsQL, did not correlate with actual motor performance (MABC) (r = 0.12, -0.03, 0.09, 0.07, and 0.12, respectively).
Perceived motor competence (m-CBSK) was significantly positively correlated with importance of the motor domain (m-CBSK domain importance questionnaire; r = 0.31, P < .001), athletic competence of the SPPC (r = 0.63; P < .001), global feeling of self-worth (r = 0.29, P = .001), and social competence (r = 0.23, P = .02).
Global feeling of self-worth (SPPC) correlated positively with all domains of HRQoL (PedsQL): total functioning (r = 0.50, P < .001); physical functioning (r = 0.26, P = .01); emotional functioning (r = 0.44, P < .001); social functioning (r = 0.48, P < .001); school functioning (r = 0.42, P < .001); and psychosocial functioning (r = 0.50, P < .001).
Sport participation correlated weakly with actual motor performance (r = 0.19, P = .03).
DISCUSSION
We hypothesized that ECMO survivors would have a low selfperception of competence in the motor domain and be reluctant to engage in physical activities with their peers. This, in turn, might negatively influence perception of social competence and also affect feelings of self-worth and HRQoL. However, this did not hold true for the 8-year-old ECMO survivors in the present nationwide study, despite impaired motor performance and impaired HRQoL.
The importance of the motor domain was significantly related to the perceived motor competence level but not to their actual motor performance level. Therefore, our observations do not support the hypothesis that skills are not sufficiently practiced and developed because of a lack of interest in motor activities. Indeed, the majority of the children in this cohort were active in sports.
The greater feeling of motor competence indicates that these children "overrate" their actual motor performance, a phenomenon known as the illusory superiority or superiority bias. 27 This may have implications for the approach to motivate these children and their parents to undertake physical activities and to adhere to physical therapy and therapeutic advice. Interestingly, these children do not overrate their scholastic performance. Parents of ECMO survivors who had been critically ill as neonates may consider their child more vulnerable than healthy peers and provide extra compliments and encouragement once motor milestones have been reached. Moreover, as motor function problems in neonatal ECMO survivors already exist at preschool age and seem to persist, [6] [7] [8] [9] [10] it can be speculated that these children have an altered perception of normal motor function. This phenomenon might be different with respect to scholastic performance because academic problems arise when the children get older. 28 However, these assumptions are speculative and not within the scope of the current study.
The significant correlations between the domains of the PedsQL and the global feeling of self-worth (SPPC) showed that self-reported problems in physical, social, and psychosocial functioning affect the feeling of self-worth, whereas actual motor performance problems did not. Thus, the perception of functioning determines self-worth instead of actual functioning.
To our knowledge, the relationships among perceived motor competence, social competence, actual motor performance, self-worth, and HRQoL in a single study has not been studied. Yet in various studies of children with chronic (medical) conditions, such as attentiondeficit/hyperactivity disorder and osteogenesis imperfecta, discrepancy between perceived and actual motor performance was reported as well. 29, 30 This issue has been little studied in children who were born critically ill. In 6-year-old children born preterm, an association between self-perceptions of physical competence and actual motor performance was found. 31 Normal or even better perceived feelings of self-worth are not unusual; this has also been reported in children with congenital heart disease 32 and in CDH patients, whether or not treated with neonatal ECMO. 14 We showed that CDH patients were satisfied with their motor performance and had normal feelings of self-worth despite a higher proportion of actual motor function problems compared with the ECMO survivors without CDH.
Impaired quality of life has also been reported in congenital heart disease patients, aged 4 to 18 years, both ECMO-treated and non-ECMO children. 17, 33, 34 In the current study we evaluate the correlation between the athletic competence of the SPPC and the m-CBSK. In view of the strong positive correlation between these questionnaires, we recommend evaluating a child's perceived motor competence with the athletic competence domain of the SPPC.
A limitation of the study is that 42 participants had to be excluded because they had not completed the m-CBSK. One reason could be lack of time because 26% of these children had impaired motor performance (less than or equal to fifth percentile) and needed more time to perform the motor function tests (with complete follow-up assessment being performed in 1 day). For this group of excluded patients, the correlation between the athletic competence scale of the SPPC and actual motor performance was not significant (r = 0.27, P = .14). Because the athletic competence domain of the SPPC has a strong correlation with the m-CBSK, we assume that this subgroup overrated their motor performance too. The 62 children who were lost to follow-up did not differ from the participants with respect to background characteristics. Therefore, we assume that our data set is generalizable for neonatal ECMO survivors without serious neurologic or behavioral comorbidity who are eligible to perform standardized motor function assessments.
Another limitation of this study is that we evaluated perceptions of the children only. It can be assumed that parents who consider their child vulnerable may refrain from stimulating physical activity.
In the current study, details on type and level of sports activities were lacking. Future studies should take these details into account to clarify the impact of motor function on reallife activities.
CONCLUSIONS
Eight-year-old ECMO survivors without serious neurologic or behavioral comorbidity feel satisfied with their motor and social competence, despite their impaired motor performance. Even though they indicate more problems in the physical, social, and psychosocial domain than their healthy peers, they do not have a lack of self-worth. They experience even more self-worth than their healthy related peers.
We previously showed that motor problems in neonatal ECMO survivors persist throughout childhood and seem to deteriorate as they get older. The discrepancy between actual motor performance and perceived motor competence may result in a lack of motivation for intervention. Clinicians should be aware of the phenomenon of "overrating" motor performance.
Therefore, clinicians should not only ask about motor skills but also evaluate actual motor performance. Education with adequate counseling for sports participation should be provided to children and their parents. Timely referral to a pediatric physical therapist is recommended for tailor-made practice of motor skills.
Future studies, especially those focusing on intervention, should take into account the parents' perception of motor competence, vulnerability of the child, and impact on participation. 
